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WIND TUNYEL TZSTS OF EIGHT-BLADE SINGLE~ AND
DUAL-BQTATIIG PROPELLERS IN THE TRACTOR POSITION

By Dnvid Blerumann and ¥, H, Gray
SULIMARY

Tasts of 10-foot dlanetor, eight-blede single- and
dual-rotating provollers were conducted in tho 20-~foot
propellor~resoarch tunnel as a continuation of a provious
{nvestigaution of four~ and six-btlade nropellors, Tho pro=~
pellors were nountod a®t the front ond of » sireanline bvody
in epinnors “hat covered the hubas ard »art of tho shanxs.
Tho effoaect of a synmotrical wing novntnod in the slipstroen
wag invoctigatod., Blado~znglo soitings rangod fron 20° to
§5°.

Tho resulés indicate that dual rotetion rosultoed in
€ains of 1 to 8 purcont in officioney over singlo rotatlion
for olght.--blado propellors, dut the prosonco of a wing
roducel tho gein by sbout ono-kalf, 4lso indicated wam a
groet or power svoorption duo to dual rotation over tho one
$iro flight rangoe, and uigh'r officione; or thrust for the
rangoe of tako~off and clinb,

INTRCDUCTION

A roport proviously rolossod {roforomeco i) prosontod
rosulte of tests of four- and six-blade dual- and singlo-
rotating tractor propcliers, Tho proscnt roport dcecribdos
tho rosults of & subscquoent investigetlion of cight-blado
single- end dusl-roteting promellercs mounted in the trac-
tor position on the sane set~up as that proviously used,
Tho effoet ol a syuntotrical wing nounted in tho slipsirean
wae included in the invostigntion as boloro.

APPARATUS AUD IBTECDS

Inasnuch as the presont invesiigation 1s a continue-~
tion of one previously nado in the propeller-research tun~
nel (soe reference 1), o dotailod doseription of tho appa-




ratus and nothods vill not bo ropoantod horo, A short dow-
scription is inoluded, howovor, in ordor to nmpko this re-
port fairly complete within i1tgolf,

Pronellerg.~ 3oth the eight-~blacde single- and duzl-
rotnting propollers were mounted in four-way hubs spoced
9%% inchec apnrt (sce figs., 1 rnd 2), theredy providing

ijentioal blale sacniz and spincer conditions. Prelirinary
tosts were mnds to detornimo tho optinun angular disnlaco~
uzont botween tiiec front and rear nropcllor blados for the
singlo~rotntion tosts; tho dlades of tho front prompcllor
wero so% to lond tho blndies of tho ronr nromoller by 75°,
624°, and 50°. Altrough the recults indieated little difw
ferenoe ovetwsen these three spcelingn, the 52%° spacing was
eonsldoreéd tho vest. Egu~l spocing of 45° wno not posasible

owing to o lluitation i.mosed by the thnit splino,

Tho blerdes uvsed for tho oresont investigntion wore the
‘sane ms »reviously tested, namely, Hrnilton Standord 31535-6
and 3156-6, right-nand n~nd lelft-haud, respectively. 3Blande-
forn curvoe aro glven in figuro 3, OClariz 7 soctions are
incorporanted througzhout.

Test condltiong.~ Becnuge of the linlting tunneld
speed (anproxinntoly 110 =ph) and the liniting power of
the drivo notors (two 25 hp electric motors), the Reynolds
nunbor nnd tac t1p spood wero considoerably lower than
thoco exporionced in flight, The naxizun ypropeller speod,
which was 56O rpn, wao obtninnblo only for the low blade
anglos and tho low V/nD rango of the tosts, The tip
epocé, nongequcntly, was bolow 300 fuet nor second, nnd
thus tho uffoct of conpressidility could not bo nmoavured,
The Roeynoldls nunber of the 0,75R section wns only of tae
order of omne illion., Ths elfoct ol Reyaolds nunber waos
not eriticenl within tho rango of tine¢ tests as the effect
of clhinngea between one~half =:11lion nnd one nillion oould
not be iongured,

The left-hand (froat) propeller was sot at even valw
wos of blndo sotting for the dunle~rotntion tosts., Tho
right-hand (ronr) provoller was sot to avsord tho sane
power ns tho left-hend propellor for only tho nonlk cffi-
cloncy coadition, A plot of tho ansular difforcnco botwoon
the right«hand and tho loft-knnd propeller—blndo settings
is £iven in figuro 4, The specd of tho right- ~nd tho
loft-hand propollors was nolntained oqunl taroughout the

v 3 gt i iagt WYY m"‘"""‘ e et
R TRV . '-.‘- v T ..

LIRS S-S SR A
o el i 2 e LT ¥ )

S e WLIRES ey e L




toats, Tho tost procoduro was tho snmo ns that usod for
provious invostigations in tails tunnel.

RESULTS AND DISCUSSION

v

Tho neasured valuos havo boon roducod to tho usual
coofflciontl of thrust, powor, and propulsiVo offiolonoy,

'cT ; offac‘itp thrunt
P a® p*

p = ongiﬁo nOYWOT
' P na D‘

.
o, = &L

® Pa®

whore tha offoctivo thruet 18 tho nomsurod thruet of tho
propeller—~body conbination .plus tho-draz of tho body
neasurod separately.

- T D prope’lor diane.ar, 'éet-”
"n propeller rotational speed, revolntions
per- second

p nDass dsnsity of the air, slugs per cﬁbid foot

- Paese coefficlents were plotted against '?/AD,, The
rosultl are glven in tuae following fizures: o

ﬂigureu

5 -~ -7_ ‘Cnaradteristio curves for elght-blade" propellor.
i - aingle rotation without ving

@ - 11" .Charaoteristic curves for eight-b;nde propoller,
b duul rotaﬁion vithout wiag

- 183 = 1§ Gharacturiatic éurvos for olght-blado nropellor.
St singlo ‘rotation with wing
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Figures

(cont,)

18 -~ 20 Characteristic curvoe for ecight-blado propoller,
dual rotetion with wing

21 Ratlio of pover coofficiontsa por blnﬁa for olght-
and throo-blade »ropcliore

" Gharactorictio curve comparisone showing offoct
of emell variationo iz rear vlado-anglo eote~
ting

Efficione;- o;velopo comanrisone for cight-blade
propeliors

Efficloncr onvolopo conparisoxs of four-, sixe,
and eight-bladto propellors

28 Incromonte of oifficloney rosulting fron dual
rotation

30 Effoct of dual rotation on officiency Lor . eon—
stnnt povor cooffiolonts .

3z 'Effect of dusl rotation on thrust

The general characterietice ol eight- blade single—
and @dual-rotating mropelilers, shown in -igu.es 5 to 20,
indicate that the »rincinel effoct of the increuse’ eolid-
ity over thart for the four- n=nd gix-blale nropellerc re-
portes in rofercnce 1 wae increase’ total pover oblorption
- with 1ittle loso in blade efficiency.

) Effcet of dual rotation on teotol nower. absorbe s of
poerticulsr intorest 1s the fret that the “wal-rotating
propellerz nbsorbed nnprocinbly more powor thar d1d the
einzlo~rotating ono, o~s ny bo noted in figuros 16 %o 19,
wheroin tie charsctcrisiic curves obtaines for severcl ane
~glo settinge for single roftzilon aro suporinposcs on those

for dual rotntion. This incrocse’ ower absorptiona nay bo

accountod for by the faet that the frornt nropoller intro-
, Guced o rotatidral component Lo tho slipstrens, whleh i

eronsol tho resultant veloclty ovor the reer propeller

blades, This rotntional comporent is greatost vaen the

. dla’pe ele:onts neet tiio relative alr vi L the greatest an-

gles of nttacl:, so the effect ias :iore noticeadle at low

¥/nD values than for the high V/nD values. Tale in-

o P L




creased pover~absorption characteristic of dual-robtatiag
propellsre ie one explanation for their resulting superior
talresoff qualitiee, owing to the fact that for this condi-
tion the pltch 1s roduced to a lower value than for siagles
rotating propellers,

. A nomparlaon is npde 1n figure 21 waerein the powver
abeoraed ot verk officlency per blede, relative to that

for the uledes of a three-blade prop:ller,.is presented
for botl -single~ and éualerotating propolieérs., This plot
indicates that the effoctivenoss of each blade of tiie -dual
. propoller in abecorling power wse eudstani{lally rore than
that for n siaglo-rotating propéllor; tho individuzl blades
of an efyght~dlndo duaal propollor absorved apphroximately 87
porcent as muel: power as each bBlado of 2 threo-bdlade single
.propeller, as corpnred %o only 80 vercert for an elght-
blade single propeller.

Effcect of
peller.~ The dual—rotation testﬂ vere conducted with the
rear propeller eet at a slightly lower angle then the fron
one in order t¢ eaualize the nower for the penk efficiencj
conditior, Tie rear propeller absorbed :loro power than the
front one at iowor .V/mnD values than thoso for poal offi-
clency, A fov tcste were nado to doteraine tho blade set-
tings of the rear propeller ncceeenry to produce eguel
power absorption; the resulta of theso teste nre shown in
figures 23 and 23, Whother thore ig any aerodynamic nde
vantnge in oqualiging tho power of thc two propollore for
tho tnito-0ff and clinbhinz condltione of flight ennnot bo
dotorzinod fror thepo tostr bocauso diroct offigiency cone
parisons caanot be uado on o basle of equol powor absorps
tion,

BEnvolopo officienoy comparisong.- The same general
inprovonent in efficiency due to dunl rotantion may be noted
- in figure 24 for the eigit-blnde propellere as for the
enrlier teste of four~ and eix-vlande pronellers, The gain
in efficlency due to dual rotation, without the winag,
.ranged frow ndbout 1 to 8 percent, depending upon the blade
. angle or V/nD. which is somewhat greater than thnt mens—
. wred in the four~ n~nd sgix-blade testa, Tho gnrnins were
somewhat less with the wing in place, owing to its offsct
in reducing tho rotational lossee for tae single~rotnting
propeller, Tho wing appocnred to have a slight beneficlal
effect on tho dual propollere, as mny be notod in figure
25, This eane effect, which is not easily accounted for,
vas also indicntod in the earlier tosts of tae. fdur- and
gix=-blade propollers, :




‘- In- figures 26 and 27 aro shown the envelons efficienoy

-purves for the present oight-dlade nropellers end eurves
-« for four- and six-blade propellers, obtained from reference
-+ "L .for. comperison.. The general effect of increasing the so-
11dity for single rotation without the wing, shown in fig-
ure 26{(a), was to reduce the efficiercy a few percent over
the V/nD range. The presence of tre wing resulted in
ralsing the éfficilency o all these sinsle-rotating propole
lers, particularly those of highest solidity. (Sce fig,
126(b).) The lossin offlclency-resulting froa-increasing
‘the solldity was goenorally lcss for dual rotation than for
single rotation, &s zay be nbted from figures ?6 and 27,
particularly for tao condition without wing. :

. It shonld be nointod out that onvelope efficlenty oom-—
parisons for nropellers of different eolidity are rore of an
acptemlic interest than o7 practlc"l velus teemause of the
fact that the vower absorption 1s &ifferent for different
sollidities, BSuch-comparisons provide a measure of blade
efflolency, or the offect of blade interference,-- From en-
.glneering deslgn coaslderations the comparisois should be

.made -on the oasls of constant power, Such comparisons of
i lolidity are provided in reference 2. . :

-Lao effectvo’ dual rotation on the peak ef:iciency
for four-, six-, aad elght-blade propellers sre summarized
$n figures 28 and 25, Although tihe reaylts are not:of
sufficlent aocuracy to 2efine differonces in efficlency"
.lesg. than.1l peroent, theyr show, in general, that the zaimn
arising froa duval«rotating propellers increasep with the
. bleade angle or . V/nJ, and also with propeller solidity.
‘Bhe galns were somevhat greater for the condition without
tho wing than wvita the wing (7 percent as comnared with 4}
porcen%, for tv/nD of 5,0, oighu-blnde nroueller.)

P icioq_x;jggl_uhrust compar;sonq nt conotant PDOWOX o=
Inasruch es the dual-rotatiag propollcrs absorhad somewlat

-jore pover -at the samo blado sotting than tho single-
rotating propollors, 4uo offoct of dual rotation or offi-

+ edency skould. bo basod on oqual powor zbsorptlon. Compar-
.1sone aro mado.in figuros 30 %$0-32 for Op values of 0,2,
0.45 and C,8, Subgtantial zains in officloncy mey ‘vo neted
for the ontire oporating rangs, particularly for thc tako-
‘off conddtion of propollors oporating st high valuos of
Op+  'Thoso .officlicncy grine aro transiated into thrust
gaiss in figure 33, Tako-off thrust gains up to 20 pcr-
scont aro'indicatod for dual propollorl opcrrting at a powor




coofficient of 0,6; somowhat loss for lowor power cocffiem
ciontg, This incrossed thrust may bde secountod for partly
by the fact that dusl-rotating pronollors absorded noro
power than slngle=rotnting oncs as nentioned ovefeore ard,
consogucnily, tho bindec~-angle sottings for the dual pro-
pollors were zenputed to be zomewhat lower than feor singlce
rotating vropsllers; partiemlarly for the %$alko-off ~nd
¢lind conditfonsg, This lowvor blado~angle seiting resvlts
in greater thrust for a glven vower cutput, owling te the
higher lift~dreg ratios of the elamentz, Alpmo +ith dual
propellers the losses due to slipatream rotation are great-
1y reduced ani perisps eliminnted, which accoiints for a
large percentage of the goin in effieciency.

COTCLUSIONS

The Zenersl a-fects of dual rotation orn propsller
characteristice found in previons téests 6f four- and siz.
blade propellers were sinilar, but were more nroxnocunced
in the present invesitigation of eig:t-blade propellers,
These effects are ligteld nore specifically in the folleire
ing conclucions relating te thé present investigation,

-, ..-1s DThe veax offlcionecy of an clgut-blade dual-

" rotating probeller was found te be from 1 to 8 percont’
Pigho; than that Ffor a corrosponding siangle-rotating pro-
pollor, Thc gain in officloncy dedended unon the biade-
angle scetting, the higher t¢ setting t%e groatcer thoe gain,

c.up.£o.a liniting tconst blndo-anglo of 65 . o

" 2. The prosence of a wing in phc'clipctroam irroved
the officioncy of the single-rotating nropollor avout halfd
as rmuch as was obtained by moans of dunl rotetiexn,

3. Ar cipht-dlalo dual-rotatiag wrepeller wes found
to nbsord substanticlly nmoro mower at wealr officicnoy than
an eight-blade singlo-rotating proncllor; the cffecet was
oven more pronocunced at tako-off nand clinbing conditions,

¢, An cight-blade dual-rotatizg wmrepcllor was found
to bo substantially wmorc officiont for thu take~off condie
tion of flight Shan an oight-dbiesdo singlo-rosatinz pro-
pollor, prrticularly for conditiasns of operation at high
powor cecificicnts.




blade efficlioncy of elght-dlnce 885glom ang

2ropollers wag only slightly lesa-tth'{or

2onding Cour. and 8lx-blace Propellers previoualy
tested, < o T

6. fThe jover avsorved per blade by oight-blade dual.
Totation ang elght-blade aingle~rotation propellere.'_'
Comared tg 4 three-biaa peller, wag 2bout §7 and ‘80
peroent, reapect1Ve1y, Peak erfioiency. o :

ﬁangioyfﬂonorial Aorbnautical'Laborntory,' o
Hational-Adeaory Connitige for Aoronnuticl.
Lnngley Plela, Va,

3, “Bleimann, David, ang ﬁsrtman. Mdrin p,, 'ihdnfunhul
ST regts of Your—~ anq s:x—Blado. 8ingle~ ang Bual-
- ‘Rotating Tractor Propollorg, Faca Rep. ¥o, 747,

" 194z, - . :

2. alormann, David, and Conway, Bobert N,: The Soloetion

of Propyllorg for Aign Thrust at . pow Airapood. NACA
ABR, ‘0ot, 1941, . S R
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Figs. 4,21
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0o 0 20 30 <40 50 60 70 &0
Blade angle, B, deg
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Figure 4.- Difference in blade angle for equal torque
at peak efficiency for, eight blades, dual
rotation.
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Figure 21.- Ratio of power absorbed at peak ‘efficiency
per blade for eight-and three-blade pro-
pellers., With wing.
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Flgure 20.- Design chart for propellers 2155-6(R.F.) and 2156-6(L.F.),eight-blade dual rotation with wing.
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Figs .24,25
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Figure 24.- Efﬁcacncy envelope comporisons for eight-blade propeller showing effect of dual
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